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In this paper we describe an experimental study. Reported in this 
article are preliminary molding of carbon fiber reinforced layer of 
machine direction by brush-on technical method of self-curing P.M.M.A., 
manufacture by self-adhesion of about 1.Omm thick composite material 
of sandwich construction having P.M.M.A. layer as a core, and result 
of study seeking for relationship between change in carbon content 
ratio of skin layer and bending properties. 
As a result of the research of test and experiments, it is found 
that; 
1) With regard to 1.Omm thick composite p+ate prepared by brush-on 
technical method of self-curing P.M.M.A., composite theory E=EfVf + 
Em(l-Vf ) and experimental value E= ~~ .~ are in correlation. 
2) 1.Omm thick composite laminate of sandwich construction is 
excellent when its skin layers have 20 C.F.R
s
' (37 wt.%). Bending 
rigidity of this material was about 26 times as much of that of 
P.M.M.A. single plate. 
3) So far as bending strength is concerned, the material having 10 
C.F.R
s
' (23 wt.%) was excellent, and had strength 8 times as much of 
that of P.M.M.A. single plate. 
4) The composite material having 0.45mm thick core layer (C.F. 23 wt.%) 
was comparatively superior both in rigidity and strength. 
1. INTRODUCTION 
Concerning application of carbon fiber reinforced hybrid composite 
material to resin base, the author has prepared sandwich and canape 
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constructions of long carbon fiber prepreg and extremely thin plate of 
about 0.9mm in thickness using short fiber premix, and has made a series 
of studies mainly on strength, through static bending test as primary 
measures.l)~5) Reported in this article are preliminary molding of carbon 
fiber reinforced layer of machine direction by brush-on technical method 
of self-curing P.M.M.A., manufacture by self-adhesion of about 1.0mm 
thick composite material of sandwich construction having P.M.M.A. layer 
as a core, and result of study seeking for relationship between change 
in carbon content ratio of skin layers and bending properties. 
2. EXPERIMENTAL MATERIALS AND EXPERIMENTAL METHOD 
At first, carbon fiber roving (Toreca T300 0 ; 3,000 filaments) were 
cut to a length of I10mm, thence mixture of powder of self-curing type 
P.M.M.A. and hardener (Denture Acrylic, SHOFU "Bio" Resin) was impreg-
nated by brush into carbon fiber roving and molded. Molding condition 
was that after the material was put into mold of 100°c under no pressure 
for 45 minutes, it was naturally cooled on the outside of heating mold 
for processing into composite material of single plate construction of 
80 x 15mm and 1.0mm in thickness. In the next place, 0.25mm thick skin 
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Fig.l Relation between bending 
stress and deflection of C.F.-
P.M.M.A. composite with brush-
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for number of fiber of C.F.-
P.M.M.A. sandwich structure 
with brush-on technical method. 
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layers were attached on both sides of core layer of 0.5mrn thick heating 
curing type P.M.M.A. and heated up in the mold to 100°c without applying 
pressure, then naturally cooled on the outside of the mold to make 
composite material of sandwich construction of 1.0 x 80 x l5mrn. Single 
plate construction has 30 C.F. rovings, while skin layers of sandwich 
construction have 5, 10, 15, 20, 30 and 40 C.F. rovings. 
3. EXPERIMENTAL RESULTS AND CONSIDERATION 
Fig.l shows relationship between cr = ~ = 2~~2 'W and deflection of 
C.F./P.M.M.A. composite material of single plate construction, from 
which it is known that it has rigidity of 16.5 times as much of that of 
single plate of P.M.M.A. and that it breaks at 47kg/mrn2. Reviewing Fig.2 
showing relationship between cr = ~ and deflection of various composite 
materials of sandwich construction, it is known that rigidity of compo-
site material having 20 C.F.R
s
' is superior. Rigidity of the materials 
having 20 and 15 C.F.Rs ' was 26 and 24.3 times respectively as much of 
that of P.M.M.A. single plate. Bending strength of each material was 
35kg/mrn2 and was inferior to the strength of 10 C.F.R . material whose 
s 
strength was 47kg/mrn2. These results may be explained that when the C.F. 
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stress of tension side and def-
lection for number of fiber of 
C.F.-P.M.M.A. sandwich structure 
with brush-on technical method. 
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Fig.4 Relation between apparent 
bending stress and deflection 
for thickness of P.M.M.A. of 
C.F.-P.M.M.A. sandwich structure 
with brush-on technical method. 
content is rich, impregnation of resin becomes insufficient. Fig.3 shows 
relationship between maximum stress on tension side cr = EmYmW and 4Z,Emlm 
deflection of various composite materials of sandwich construction, from 
which it is known that composite materials having 10, 15 and 20 C.F.Rs ' 
are excellent in rigidity and 
strength. The material having 20 
C.F.R
s
. showed rigidity of 29.7 
times as much of the rigidity of 
P.M.M.A. single plate. Relation-
ship between cr = JL and deflec-
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tion of various composite mate- !II C 
rials of sandwich construction 
of thick skin layers having 10 
C.F.R
s
' and P.M.M.A. core layer 
of different thickness is shown 
in Fig.4. As a result of experi-
ment, it is found that, so far 
as the materials of this core 
layer thickness range are con-
cerned, the material of 0.45mm 
thick P.M.M.A. core layer is 
somewhat excellent in rigidity. 
Other materials showed more or 
less similar breaking strength 
in the neighborhood of 40kg/mm2 • 
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Table 1 Calculated and experimental bending elastic modulus for 
number of fiber of C.F.-P.M.M.A. sandwich structure with 
brush-on technical method. 
Weight Experimental bending Calcula~ed bending 
Specimen content elastic modulus elastic modu Ius 
(w t.%) (kg/mm 2 ) (kg/mm2 ) 
NO.1: 5-5 sandwich 12 2100 3600 
No.2:10-1O sandwich 23 5700 6800 
NO.3:15-15 sandwich 30 6000 8600 
No.4:20-20sandwich 37 6400 11000 
No.5:30 -30sandwich 43 4000 10000 
No.6:40-40sandwich 48 3900 11000 
Table 2 Calculated and experimental bending elastic modulus for 
thickness of P.M.M.A. of C.F.-P.M.M.A. sandwich structure 
with brush-on technical method. 
Weight Experimental bending Calculated bending 
Specimen content elastic modulus elastic modulus 
(w t.%) (kq/mm 2 ) (kg/mm 2) 
0.35 sandwich 24 4800 5700 
0.45 sandwich 23 6000 6600 
0.55 sandwich 23 5700 6800 
0.65 sandwich 22 4900 7000 
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maximum stress on tension side and deflection observed on the same 
specimens. Table 1 shows number of C.F.R
s
. in composite materials of 
sandwich construction, weight content ratio of C.F., bending elastic 
modulus E = ~~ ·f obtained from results of experiment, and bending 
elastic modulus E 12 ~h~mIm obtained from calculation of combination 
beam. Fig.6 is the illustration of these results. Table 2 shows bending 
elastic modulus of composite materials of sandwich construction, with 
constant C.F.Rs . (10 C.F.Rs .) in the skin layers but P.M.M.A. core 
layers of different thickness. When the core layer is thicker, distance 
from neutral axis to skin layer is longer; thus shearing stress becomes 
larger and, as ply separation becomes easier to take place, experimen-
tal values become lower. Fig.7 is the illustration of Table 2. 
4. CONCLUSION 
The following summary can be made from the results of the present 
research. 
1) With regard to 1.Omm thick composite plate prepared by brush-on 
technical method of self-curing P.M.M.A., composite theory E=EfVf + 22 0 Em(l-Vf ) and experimental value E =i5Jh·if are in correlation. 2) 1.Omm 
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thick composite laminate of sandwich construction is excellent when its 
skin layers have 20 C.F.R
s
' (37 wt.%). Bending rigidity of this material 
was about 26 times as much of that of P.M.M.A. single plate. 3) So far 
as bending strength is concerned, the material having 10 C.F.R
s
' (23 
wt.%) was excellent, and had strength 8 times as much of that of 
P.M.M.A. single plate. 4) The composite material having 0.45mm thick 
core layer (C.F. 23 wt.%) was comparatively superior both in rigidity 
and strength. 
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